Abstract-Semiconductor switching devices produce significant harmonic voltages as they chop voltage waveforms during the transition between the conducting and cutoff stages. The diode bridge rectifiers are considered as a major contributor to the power system harmonics and the consequences are varying from components overheating to communication interference. The scope of this paper is the harmonic voltages at the output of full wave rectifier and the way to control the distribution of the components of Fourier series. A PWM based switching technique is proposed to shift the low-order harmonics to higher frequencies away from the fundamental to be easily filtered. The paper also presents a comparison with Pspice simulation and experimental values.
I. INTRODUCTION
ARMONICS in power systems have received increased attention in recent years with the widespread application of advanced solid-state power switching devices in a multitude of power electronic applications. Intensive study and research were concentrated on the input side to prevent the harmonics generated by switching devices to travel back to the network and disturb other connected loads. The voltage harmonics at the load side were not treated widely in the published literature, although they share many effects with the input side harmonics. In both cases, these harmonic voltages can, in worst cases, result in the following:
-Wiring overheating.
-Capacitor banks damaging.
-Electronic equipment malfunctioning.
-Communication interference.
-Resonance.
Furthermore, certain effects are associated with the output harmonics like vibrations and noises in electromagnetic loads such as DC motors. A chopping technique is the control method that will be applied to shape the output waveform; also, it will be used to devolve the mathematical model, Manuscript received January 15, 2008. This work was submitted as the senior project of the main author, in partial fulfillment of the requirements for the degree of bachelor of electrical engineering. In this effort, a genuine material was generated to study the effect of full wave rectifier chopped output on the low-order harmonics distribution. A generic computerized calculation tool was developed under this project for the first time. Yahya is working as an adjustable frequency drive specialist with Saudi Aramco (email: yahya.asiri@aramco.com) perform Pspice simulation and build the experimental prototype. In this method, the output voltage of the bridge rectifier will be "chopped" in a sequential manner with a certain number of pulses and duty cycles to control the flow of current through the load. This technique offers a linear control for the DC component and redistributes the AC components (ripples). The Fourier series of the output voltage is given by:
Equation (3) could be generalized to accommodate the generic case when:
-N = 2, 3, 4, 5, 6… (integer numbers)
Thus,
The resulted formula obtained in equation (5) could be verified by plugging in the conditions of an initial case of 2 pulses with 50% duty cycle; the result is matches with the value obtained by equation (4) above:
Coefficients of the Fourier series ( n a and n b ) could be calculated using the same generalized approach.
In this special case, the waveform is considered as an even function, thus the odd components do not exist. 
Evaluating the integration over the regions where the output voltage ≠0 yields:
Similarly, n b is calculated as follows:
The values of d c V , n a and n b are used to reconstruct the output voltage by developing a calculation tool to obtain the values of o V as in equation (1). Plotting the voltage versus time resulted in the following waveforms: 
III. PSPICE SIMULATION
The basic circuit of the controlled rectifier is used for simulation using Pspice . Fig. 6 Pspice simulation model Fig. 6 shows the circuit representation adopted for Pspice simulation. The resistive load is selected in the circuit above to test the principle without the effect of inductive or capacitive loads that have lagging or leading effects on the voltage as well as current waveforms. Actually, the calculation tool is prepared to reflect such effects. Fig. 7 shows the waveform of output voltage as simulated by Pspice. The package of CircuitMaker V6.2c circuit simulation program (Berkeley SPICE3f5/XSpice-based simulator) was the tool to conduct the circuit simulation. 
IV. EXPERIMENTAL MODELING
To support the theoretical and simulation results, it is advisable to build an experimental prototype at the lab. to conduct a complete comparison of three different approaches. Getting a synchronized trigger signal to switch on/off the power transistor (or GTO) that connects the load to the GND was the most important part in the prototyping. It is essential to fire the switching element at certain sequence with ON, OFF, ON, OFF,…etc as follows: The experiential model is built using a zero-crossing detector to insure the synchronization with the input waveform. The waveform of the rectifier output voltage, together with input and trigger signals are shown in Fig. 10 . The comparison of the harmonic spectrum generated through the mathematical distribution, Pspice simulation, and the experimental verification is illustrated in Fig. 12 . The figure depicts close agreement between the three methods. It shows clearly the generation of high order harmonics around the 720 Hz. The chopping technique was verified as an efficient technique to reduce low-order (high amplitude) harmonics and shift them away from the fundamental at the DC side. Shifting the high amplitude harmonics to higher frequencies resulted in an easier, more effective filter design. The value of the DC average component is directly proportional to the duty cycle k, while the number of PWMr pulses has no effect on the DC value. The highest harmonic amplitude is expected at the frequency equals to the fundamental frequency of the rectified voltage times number of pulses of PWM. The disadvantage of higher THD could be resolved by suppressing the high frequency components using low-pass filter.
